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INTRODUCTION 
During t h e  sp r ing  and summer of 1976,Cessna A i r c r a f t  Company, i n  
cooperation with Teledyne Continental  Motors, f l i g h t  evaluated two 
d i f f e r e n t  a i r c r a f t  designs,  each with two modified f u e l  con t ro l  sys- 
t e m s .  Each a i r c r a f t  w a s  evaluated i n  a given series of defined ground 
and f l i g h t  condi t ions while q u a n t i t a t i v e  and q u a l i t a t i v e  observations 
were made. During t h i s  program, some t e n  f l i g h t s  were completed, and 
a t o t a l  of about 13 hours of engine r u n  t i m e  w a s  accumulated by t h e  
two a i r p l a n e s .  
t hese  evaluat ions wi th  emphasis on t h e  ope ra t iona l  and s a f e t y  aspects. 
This r epor t  w i l l  b r i e f l y  summarize t h e  r e s u l t s  of 
DISCUSSION 
The f i r s t  aircraft  involved w a s  t h e  Cessna Model 150 ( f i g .  9-1). 
This i s  a single-engine t r a i n i n g  a i r c r a f t  powered by t h e  TCM 0-200-A 
normally a s p i r a t e d ,  carbureted engine. Instrumentation w a s  supplied 
i n  t h e  tes t  a i r c r a f t  t o  read engine rpm, manifold pressure,  and var ious 
operat ing temperatures,  as w e l l  as t h e  important atmospheric parameters. 
I n  add i t ion ,  t he  p i l o t  monitored t h e  general  func t iona l  behavior of t h e  
engine. 
The tes t  p r o f i l e  is summarized i n  f i g u r e  9-2. The i d l e  and t ax i  
condi t ions s imulate  t y p i c a l  ground operat ions wi th  t h i s  class a i rp l ane .  
The takeoff condition, as def ined here ,  i s  analogous t o  the  condi t ion 
f o r  engine cooling c a l l e d  out i n  t h e  Federal  a i rworthiness  require- 
ments. The climb condition, though no t  necessar i ly  completely repre- 
sentative of t h e  operat ion of a low power a i r p l a n e ,  w a s  included, 
o r i g i n a l l y ,  t o  allow evaluat ion of t h e  e f f e c t  of l eane r  mixtures a t  
lower power s e t t i n g s  on engine operat ing temperatures. The descent 
phase w a s  i nves t iga t ed ,  both wi th  p a r t i a l  power appl ied and wi th  power 
completely o f f ,  followed by simulated go-arounds t o  evaluate  engine re- 
sponse characteristics. F ina l ly ,  t h e  landing phase w a s  used t o  evaluate  
t h e  t y p i c a l  touch-and-go operat ions so prevalent  t o  t h e  t r a i n i n g  class 
a i rp l ane .  
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The two f u e l  systems evaluated i n  t h i s  a i r p l a n e  r e su l t ed  from en- 
g ine  test s tand  da ta  developed by TCM. 
s u l t s  from use of today 's  l ean  l i m i t  production carbure tors .  
l eaner  case I1 system represented t h e  ground test "safe ty  l i m i t "  mix- 
t u r e  s t r e n g t h  found by TCM i n  t h e i r  test ce l l  runs.  
w a s  def ined by engine temperatures a t  t he  higher  powers and by accel- 
e r a t i o n  c h a r a c t e r i s t i c s  of t h e  engine i n  the  lower power range. 
The case I system simply re- 
The 
This  s a f e t y  l i m i t  
The r e s u l t s  of t h e  t e s t i n g  on t h e  Model 150 ind ica ted  t h a t  t h e  
case I system p r e t t y  w e l l  def ined t h e  l eanes t  system acceptable .  
t h e  case I carbure tor ,  a l l  f l i g h t  condi t ions  were found acceptable .  
The case I1 carbure tor ,  however, w a s  another  s t o r y .  I n  the  a i rp l ane ,  
engine opera t ion  could no t  be sustained below approximately 1700 rpm. 
A t  t h i s  rpm, t h e  engine began overheating r ap id ly  during ground opera- 
t i on .  
f i gu ra t ion ,  and no f l i g h t s  were made with t h e  case I1 carbure tor .  
With 
The a i r p l a n e  w a s  not considered a t  a l l  airworthy i n  t h i s  con- 
The second a i r c r a f t  involvedwas the  Cessna T337 ( f ig .  9-3). This 
twin-engine a i r p l a n e  is  powered by two TCM TSIO-360-C turbocharged, 
f u e l  i n j e c t e d  engines.  The engines are i n  tandem a t  e i t h e r  end of t h e  
fuselage.  The f r o n t  engine w a s  used here  t o  eva lua te  t h e  modified f u e l  
systems, while t h e  rear engine w a s  l e f t  i n  t he  standard configurat ion.  
Instrumentat ion w a s  suppl ied t o  read f r o n t  engine power parameters and 
operat ing temperatures,  t o  record t h r o t t l e  pos i t i on  and manifold pres- 
sure ,  and t o  read appropr ia te  atmospheric va r i ab le s .  I n  addi t ion ,  t h e  
p i l o t  monitored t h e  behavior of t h e  f r o n t  engine from purely a func- 
t i o n a l  s tandpoin t .  
The test p r o f i l e  i s  summarized i n  f i g u r e  9-4 f o r  t h i s  a i rp l ane .  
Again, t he  i d l e  and t a x i  condi t ions  represent  t y p i c a l  ground operat ions.  
The emergency, o r  s i n g l e  engine,  climb condi t ion represents  t h e  most 
severe condi t ion  with respect t o  FAA engine cooling requirements f o r  
t h i s  a i rp l ane .  
i n  t h i s  a i r p l a n e  conducted a t  a speed i n  excess of t h a t  f o r  bes t  climb 
performance. The descent phase w a s  i nves t iga t ed  i n  a way t o  s t imu la t e  
t y p i c a l  instrument approach condi t ions,  as w e l l  as with t h e  power back 
t o  i d l e .  I n  addi t ion ,  two speed ranges w e r e  evaluated and, as with t h e  
smaller a i rp l ane ,  go-arounds were simulated following a l l  descents .  
F ina l ly ,  t h e  landing phase included touch-and-go operat ions t o  observe 
engine response c h a r a c t e r i s t i c s .  
The normal climb represents  a t y p i c a l  c r u i s e  climb used 
The case I f u e l  system w a s  intended t o  represent  t h e  l eanes t  f u e l  
system using today 's  components which might r e s u l t  from using a f u l l  
r i c h  mixture f o r  a l l  opera t ions  with no supplement with an a u x i l i a r y  
f u e l  pump. However, t he  system a c t u a l l y  t e s t e d  w a s  somewhat lemer 
than intended a t  maximum continuous power. 
sented t h e  "safe ty  l i m i t "  f u e l  mixtures e s t ab l i shed  by TCM during t h e i r  
ground test s tand runs,  as descr ibed previously f o r  t h e  Model 150 tests. 
The case I1 system repre- 
2 1 1  
The approximate r e l a t i o n s h i p  of t h e  case I and case I1 f u e l  flows wi th  
those a c t u a l l y  used i n  t h e  present  production a i r p l a n e  is shown i n  f ig -  
ure  9-5 f o r  t h e  var ious  test  condi t ions.  A s  can be  seen, t h e  f u e l  
flows a c t u a l l y  spec i f i ed  f o r  opera t ion  of t h e  a i r p l a n e  i n  t h e  form of 
operat ing l i m i t a t i o n s  and i n s t r u c t i o n s  are cons i s t en t ly  r i c h e r  than 
e i t h e r  of the  modified systems. 
The r e s u l t s  of t he  case I ( a s  flown) and case I1 t e s t i n g  ind ica ted  
I n  t h e  i d l e  and both f u e l  systems t o  be unacceptable i n  s e v e r a l  areas. 
taxi ranges,some s u b t l e  engine roughness w a s  evident  with both f u e l  
systems. With t h e  t e s t e d  case I system, response c h a r a c t e r i s t i c s  were 
probably marginally acceptable .  The case I1 system, however, w a s  
not iceably slower t o  accelerate. I n  add i t ion ,  while  no s p e c i f i c  meas- 
urements were made, t he  p i l o t ' s  opinion w a s  t h a t  engine starts, par- 
t i c u l a r l y  with t h e  case I1 system, w e r e  s l i g h t l y  more d i f f i c u l t .  
The emergency climb condi t ion  w a s  unacceptable as flown with the  
case I system because of engine overheating due t o  t h e  lower than  
planned f u e l  flow. This is  i l l u s t r a t e d  i n  f i g u r e  9-6 where t h e  
t e s t ed  case I system produced engine temperatures near  t h e  l i m i t  im-  
mediately a f t e r  t h e  test w a s  s t a r t e d .  
s t i l l  w a s  not  evaluated i n  t h i s  condi t ion.  Cruise  climbs a t  a com- 
f o r t a b l e  a i r speed  higher  than t h e  maximum performance speed and wi th  
power set t o  80 percent  of maximum continuous w e r e  somewhat b e t t e r ,  
but  even here,  with t h e  t e s t e d  case I system, engine temperatures 
would be expected t o  exceed t h e i r  l i m i t s  i n  ISA + 40" F ambient 
temperatures due t o  t h e  s i g n i f i c a n t l y  lower f u e l  flows as compared t o  
production ( f ig .  9-5). With the  case I1 system, observed engine tem-  
pera tures  r ap id ly  exceeded allowable l i m i t s .  I n  add i t ion ,  some s u b t l e  
engine roughness w a s  evident  i n  t h i s  condi t ion wi th  the  case I1 sys- 
t e m .  
The case I1 system being leaner  
The approach condi t ions  evaluated revealed t h e  t e s t e d  case I sys- 
t e m  c h a r a c t e r i s t i c s  t o  be genera l ly  marginally acceptable ,  with the  
exception of some minor engine stumble on some simulated go-arounds. 
However, t he  case I1 system exhib i ted  unacceptably slow "spool up" of 
power, as i l l u s t r a t e d  i n  f i g u r e  9-7, where, on a missed approach, al- 
most twice as much t i m e  w a s  necessary t o  ob ta in  f u l l  power as i s  
needed with t h e  present  production a i rp l ane .  I n  add i t ion ,  very rap id  
t h r o t t l e  advancement ( t h r o t t l e  snaps) tended t o  cause t h e  engine t o  
d i e  almost every t i m e .  Stumble o r  h e s i t a t i o n  w a s  always evident  on 
the  case I1 system on simulated go-arounds. 
The ope ra t iona l  a c c e p t a b i l i t y  of a n  airplane, with respec t  t o  the 
subjec t  under quest ion,  f a l l s  i n t o  two major areas - s a f e t y  and func- 
t ion. 
Of p r ime  importance, of course,  are t h e  s a f e t y  aspec ts .  Any 
system must be t o l e r a n t  of mishandling t o  some degree as long as real 
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people are operat ing t h e  system. 
s k i l l  must be accommodated. 
should not  k i l l  t h e  engine. 
r ap id ly  t o  salvage a bad approach o r  i n  t h e  event an  i n t r u d e r  on a run- 
way n e c e s s i t a t e s  a n  aborted landing. The engine i n s t a l l a t i o n  must pro- 
v ide  adequate margins with r e spec t  t o  i t s  temperature l i m i t a t i o n s  t o  
accommodate a l l  p o t e n t i a l  use of t h e  a i rp l ane .  F ina l ly ,  t h e  engine in- 
s t a l l a t i o n ,  with a l l  of i t s  supporting systems, must b e  as r e l i a b l e  and 
foolproof as possible .  
A broad range of p i l o t  knowledge and 
Such th ings  as "jamming" i n  of a t h r o t t l e  
Engine power must always be a v a i l a b l e  
Functionally,  t h e  engine package must t o l e r a t e  widely varying 
atmospheric condi t ions.  Wintertime operat ions,  wi th  t h e  r e s u l t i n g  
l eane r  mixtures, must be con t r a s t ed  aga ins t  summer operat ions,  wi th  t h e  
r e s u l t i n g  higher operat ing engine temperatures. Engine roughness o r  
h e s i t a t i o n  w i l l  not  b e  t o l e r a t e d ,  and r i g h t l y  so ,  by t h e  majori ty  of 
p i l o t s ,  no matter how subdued, due t o  t h e  three-dimensional na tu re  of 
f l i g h t .  
These comments, then, a n d o t h e r s s i m i l a r ,  can form a b a s i s  f o r  judg- 
ing t h e  a c c e p t a b i l i t y  of t he  var ious f u e l  systems flown i n  t h i s  e a r l y  
evaluation. It w a s  found t h a t  wi th  t h e  p re sen t  Cessna Model 150 t h e  
case I f u e l  system rep resen t s ,  e s s e n t i a l l y ,  t he  l eanes t  acceptable  f u e l  
system. The case I1 system, being unairworthy i n  t h i s  a i rp l ane ,  w a s  
completely unacceptable from e i t h e r  s a f e t y  o r  func t iona l  s tandpoints .  
For t h e  Cessna Model T337, n e i t h e r  t h e  case I (as flown) nor t h e  
case I1 systems w e r e  acceptable.  However, an ana lys i s  does i n d i c a t e  
t h a t  t he  case I f u e l  system with t h e  s l i g h t l y  r i c h e r  mixtures o r ig i -  
n a l l y  intended might be expected t o  be marginally acceptable.  It i s  
poss ib l e  t h a t  some f u r t h e r  leaning could be t o l e r a t e d  f o r  t h e  power ap- 
proach case and, with an a t t endan t  penal ty  i n  climb performance, f o r  
t h e  c r u i s e  climb case, i f  a higher a i r speed  can be accepted. 
it should be noted t h a t  many p i l o t s  w i l l  be  uncomfortable if any ten- 
dency toward roughness i s  evident i n  t h i s  case, even i f  a i rworthiness  
is not  compromised. 
unacceptable from both func t iona l  and s a f e t y  viewpoints. 
However, 
I n  t h e  T337, t h e  case I1 f u e l  system w a s  found 
CONCLUSIONS 
While some improvements i n  exhaust emissions con t ro l  can be 
achieved through mixture con t ro l  on some a i rp l anes ,  t h e  tests on t h e s e  
two a i r p l a n e s  ind ica t ed  several important po in t s :  
1. Ground tests of t he  engine a lone  were not  a b l e  t o  p red ic t  ac- 
ceptable  l i m i t i n g  l e a n  mixture s e t t i n g s  f o r  t h e  f l i g h t  envelopes of 
t h e  Cessna Models 150 and T337. 
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2. The l ean  l i m i t s  e s tab l i shed  today f o r  t h e  Cessna Models 150 
and T337 approximately represent  t h e  l eanes t  mixtures t o l e r a b l e  from 
s a f e t y  and/or func t iona l  viewpoints. 
3. Further  leaning,  beyond today's l ean  l i m i t s ,  f o r  t h e  Cessna 
Models 150 and T337 f o r  t h e  purpose of emissions con t ro l ,  must be ac- 
companied by p o t e n t i a l l y  extensive development and r e c e r t i f i c a t i o n  
f l i g h t  t e s t i n g  t o  e l imina te  t h e  sa fe ty  and/or func t iona l  l i m i t a t i o n s  
found i n  t h i s  test series. 
4. Each a i r p l a n e  des igdeng ine  combination must be evaluated i n  
an ind iv idua l  e f f o r t  t o  develop acceptable  lean  l imi t ing  mixtures 
and i d e n t i f y  t h e  areas where ga ins  i n  emissions area are f e a s i b l e  f o r  
t h a t  a i rp lane .  
214 
DISCUSSION 
Q - D. Tripp: Does f i g u r e  9-7 show t h e  response under approach condi- 
t ions?  
A - B. Barrett: 
aborted landing approaches. 
This  w a s  t h e  response as recorded during one of our 
That i s  co r rec t .  
Q - D. Tripp: 
A - B. Barrett: 
Q - D. Tripp: 1s that t h e  normal condi t ion? 
A - B. Barrett: Y e s .  It is a normal condition. It may not  be com- 
I ' m  no t  a p i l o t ,  but do you normally have t h e  t h r o t t l e  a l l  
t h e  way closed during approach? 
This p a r t i c u l a r  one was a power of f  landing approach. 
p l e t e l y  normal f o r  t h i s  p a r t i c u l a r  a i rp l ane .  
case we s a w  as f a r  as t h e  power response goes. 
mentioned earlier t h a t  no matter how f a s t  o r  how slow you brought t h e  
t h r o t t l e  i n ,  i t  always stumbles t o  some degree o r  o ther  with t h i s  
p a r t i c u l a r  f u e l  system. 
This w a s  t h e  extreme 
And I might add, I 
COMMENT - L. H e l m s :  I ' ve  heard t h a t  t h i s  is the  normal condi t ion i n  the  
s tudent  t r a i n i n g  f i lm.  
A - B. Barrett: Y e s ,  i n  t h e  case of t h e  Cessna 150 i t  would be com- 
p l e t e l y  normal. 
Q - D. T r i p p :  It w a s  shown t h a t  under i d l e  condi t ions,  t he  condi t ion 
when t h e  t h r o t t l e  w a s  shoved forward a l l  t h e  way, t h e  engine stumbled, 
f e l l  o f f  i n  rpm, and d id  not  respond as i t  d id  f o r  t h e  normal car- 
bureted fue l - a i r  r a t i o  condition. Is t h a t  a s a f e t y  problem? What 
condi t ion would t h a t  represent  as a s a f e t y  problem when you are a t  
i d l e  and you shove the  t h r o t t l e  forward very  r ap ld ly  and i t  stumbled? 
I can ' t  conceive why t h a t  would be a s a f e t y  problem. 
d i r ec t ed  toward 0-320 engines, 1 be l i eve  i n  t h e  Cherokee, f o r  t h a t  
very sap.e reason. Power off  approach and aborted landing o r  f o r  some 
reason power would be appl ied and t h e  engine would hang. 
i t  would come ou t  of i t ,  but i t ' s  not  very i n s t j n c t i v e  f o r  a p i l o t  t o  
p u l l  h i s  power back of f  and t r y  to clear a n  engine and then t r y  t o  
put power back on. So i f  he jams i t  forward and i t  hangs, he's i n  
t rouble .  
A - C. Pr ice :  There w a s  an a i r  worthiness  d i r e c t i v e ,  about 2 years  ago, 
Sometimes 
Q - D. Tripp: Is t h a t  a s a f e t y  problem? 
A - L. H e l m s :  Y e s .  Take t h e  s p e c i f i c  example a t  i d l e  when t h e  t h r o t t l e  
i s  moved forward and t h e  engine coughs and spu t t e r s .  Consider t h e  
environment, a twin engine a i rp l ane  under a f reez ing  r a i n  o r  very 
c l o s e  t o  t h a t  temperature. The p i l o t  does not know whether he has  
ice i n  t h e  carburetor  o r  whether he has  ice i n  the  induction system. 
Therefore, t he  FAA has properly sa id ,  and w e  agree  wi th  them 100 per- 
cen t ,  no coughs and no s p u t t e r s  because t h a t t s  t h e  only way t h e  p i l o t  
can be s u r e  he has  an abso lu te ly  clean carburetor .  I 'd l ike  t o  make 
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another comment on t h e  example he  used on rate of climb. 
looked a t  i t  i t  would have sa id ,  "Is t h e  rate of climb of t h e  air- 
c r a f t  good enough t o  where i t  would not  have c rea ted  t h e  danger 
problem?" 
climb so now i f  w e  reduce t h e  rate of c l h b  s l i g h t l y  so t h e r e  i s  no 
danger problem, we have now put ourselves  back over onto t h e  o the r  
s i d e  of t h e  EPA problem where noise  l i m i t a t i o n s  are a func t ion  of 
rate of c l h b .  Therefore, by reducing t h e  rate of climb we go t  our- 
selves ou t  of a problem on emissions and put: ourselves  i n  a problem 
on noise .  The 84 PNdB allowed on climb is a d i r e c t  func t ion  of t h e  
rate of climb. So w e  can ' t  automaticalgy make these  adjustments and 
g e t  ou t  of our emissions because we can no longer meet t h e  no i se  re- 
q u i r  emen t s. 
I f  we had 
We ta lked  about t h e  horsepower r a t i n g  and t h e  rate of 
Q - G. Ki t t redge:  You made t h e  comment t h a t  each e n g i n e l a i r c r a f t  com- 
b ina t ion  r e a l l y  has t o  be considered as d s p e c i a l  case and you in- 
ves t iga ted  two examples very  thoroughly. Could you estimate f o r  
your company hswmany d i f f e r e n t  combinations of a i r c r a f t  and engines 
you would have t o  dea l  with? 
separate and d i s t i n c t  engine and airframe combinations. 
d iv i s ion  ac ross  town it  must be approximately a dozen. 
A - B. Barrett: I n  my d iv i s ion  of my company i t ' s  on t h e  order  of 25 
I n  t h e  o the r  
COMMENT - L. H e l m s :  For GAMA, t h e r e  are 64 d i f f e r e n t  a i r c r a f t  and 407 d i f -  
f e r e n t  engines. 
problem. 
P o t e n t i a l l y ,  t h i s  g ives  you an  order  of magnitude of t h e  
Q - D. Page: You indica ted  t h a t  you were going over l i m i t s  on your cool- 
ing  e f f ic iency .  Was t h i s  a s i n g l e  engine climb condi t ion,  and what 
recovery e f f i c i ency  are you g e t t i n g  on your p a r t i c u l a r  i n s t a l l a t i o n  
i n  t h e  337? 
running somewhere on t h e  order  of 3 t o  3 1/2 inches AP on cool ing 
a i r ,  bu t  I ' m  no t  p o s i t i v e  on tha t .  
A - B. Barrett: Y e s ,  i t  was  s i n g l e  engine clhnb, and I th ink  we're 
4 - D. Page: 
A - F. Monts: 
What i s  t h e  percentage of recovery? - I ' m  t ry ing  t o  es- 
1 th ink  normally w e ' l l  see a dynamic recovery of about 
t a b l i s h  whether t h i s  i s  the  most ava i l ab le  a t  that a i r  speed. 
0.75 t o  0.8 f o r  t h e  s i n g l e  engine climb speed of j u s t  over 100 m i l e s  
an hour. 
cowl f l a p  open and ga in  a b i t  more which f o r  t h i s  p a r t i c u l a r  in-  
s t a l l a t i o n  is about as good as our indus t ry  does a t  t h e  moment. 
have t o  show s i n g l e  engine climb a l l  t h e  way t o  approximately 20 000 
f e e t .  
T h a t ' s  a l i t t l e  over 5 inches of water. You can put  t h e  
W e  
Q - B. Houtman: Would you s p e c i f i c a l l y  descr ibe  what the hardware 
changes were made i n  going from the  b a s e l i n e t o  case 1 and then 
again t o  case 2 t o  achieve t h e  configurat ion you used?  
j e c t i o n  system and set up t h e  f u e l  metering system with a p a r t i c u l a r  
pump and t h r o t t l e  body. 
A - B. Rezy: What w e  d id  on t h e  engine w a s  t o  take  a s tandard f u e l  in- 
We c u t  a t h r o t t l e  p l a t e  cam, such t h a t  we 
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could con t ro l  t h e  cases  1 and 2 t o  those  condi t ions.  We also had a 
modified f u e l  pump pressure  t o  hold i t  there .  It took our f u e l  l a b  
w e l l  over a month t o  develop each one j u s t  t o  be a b l e  t o  hold i t  
there.  
i t  should have been on case 1. 
When w e  f i n a l l y  got  i t  i n  t h e  a i r p l a n e  i t  wasn't r e a l l y  what 
Q - E. Kempke: It's been sa id  that t h e  case 1 t h a t  was  flown missed t h e  
But i n  l i s t e n i n g  t o  t h e  pre- t a r g e t  s l i g h t l y  on the  fue l -a i r  r a t i o .  
s en ta t ion  t h e r e  w a s  a s t rong  impression l e f t  that i f  t h e  case 1 had 
made t h e  fue l -a i r  r a t i o  i t  w a s  extremely marginal. Is t h a t  t h e  im- 
pression t h a t  one should come away with? 
A - B. Barrett: Y e s .  
Q - E. Kempke: 
A - B. Barrett: The case 1 as flown is, f n  f a c t ,  t h e  engine manufactur- 
Is t h e  case 1 not t h e  l e a n  l i m i t  of a production f u e l  h- 
j e c t i o n  system? 
er's lean  lbit, t h e  bottom l i n e  of t h e  engine spec. 
t i c u l a r  a i r p l a n e  w e  have, i n  e f f e c t ,  es tab l i shed  a l ean  l i m i t  f o r  t h e  
i n s t a l l a t i o n  t h a t  is r i c h e r  than the  l ean  lhit demanded by t h e  engine 
manufacturer . 
On t h i s  par- 
Q - D. Tripp: I s t i l l  have a question on that approach a t  closed t h r o t t l e ,  
and maybe someone from EPA could comment on t h i s ,  too. Since t h e  EPA 
LTO cyc le  s p e c i f i e s  40 percent  power on approach, somehow t h e r e  seems 
t o  be an  anomaly here  i n  t h a t  we're saying f o r  t he  test procedure use 
40 percent  power. 
f requent ly  flown is  with a closed t h r o t t l e .  
f o r  it? 
a reasonable spec i f i ca t ion  f o r  conducting your emissions t e s t ing .  It 
2s probably a reasonable s imulat ion of an  approach i n  many of t h e  
l a r g e r  a i rp l anes .  But t he re ' s  nothing t h a t  says t h e  p i l o t  i s  going 
t o  f l y  every approach t h a t  way. It's d i f f i c u l t  p a r t i c u l a r l y  i n  t h e  
f i n a l  s t ages  of approach t o  be much lower i n  power than t h e  40 per- 
cent.  
However, you're saying t h e  way these  planes are 
What's t h e  explanation 
A - B. Barrett: The 40 percent  power i s  reasonable,  i f  you want t o  ass ign  
COMMENT - H. Nay: The approach is 6 minutes. I n  t h e  t r a f f i c  p a t t e r n  i n  
t h e  approach t o  the  a i r p o r t ,  i n  t h a t  6 minutes, 40 percent  i s  not an  un- 
r ep resen ta t ive  power condition. 
of approach, and t h i s  goes f o r  high performance a i rp l anes  t o  some exten t  
as w e l l  as low performance a i rp l anes ,  you go t o  completely closed thro t -  
tle. From t h a t  po in t  when t h e  cow walks ou t  i n  t h e  g r a s s  s t r i p ,  a j e t  
taxis out  i n  f r o n t  of you, o r  you have a foulup of some s o r t ,  you've got  
t o  have immediate power from closed t h r o t t l e  t o  40 percent  power o r  
higher.  
people pointed out. 
The poin t  is t h a t  i n  t h e  f i n a l  s t ages  
That 's  an absolu te ly  e s s e n t i a l  s a f e t y  requirement as t h e  FAA 
COMMENT - F. Monts: 
40 percent  approach power used i n  the  EPA cycle.  
tem is devised t o  m e e t  t he  emissions l i m i t ,  i t  must also work from a cold 
1 th ink  t h e  f a c t s  are being confused about t h e  
Whatever metering sys- 
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t h r o t t l e  posi t ion.  The complete f l i g h t  envelope of t h e  a i r p l a n e  and not  
j u s t  t h e  EPA LTO emission cyc le  must be considered. 
Q - D. Tripp: 
A - B. Barrett: It's a good average. 
I w a s  j u s t  wondering how 40 percent  w a s  a r r ived  a t ?  
COMMENT - G. Banerlan: 
signed t o  be a minimum f ixed  and s h p l e  type. 
both t h e  Avco-Lycoming and TCM c o n t r o l l e r s  a simple over r ide  f e a t u r e  
could be incorporated such t h a t  i n  a t r a n s i e n t  mode it would automatical ly  
go t o  a r i c h  condition. 
have a cy l inder  head heat ing problem but Cesana's tests d id  i n d i c a t e  a 
cooling problem. 
I r e a l i z e  t h a t  t h e  c o n t r o l s  being used are de- 
It seems t o  be that i n  
The o ther  f l i g h t  tests reported earlier d id  not  
COMMENT - B. Barrett: That ' s  an ind ica t ion ,  too,  of  t h e  ind iv idua l i t y  of 
each and every i n s t a l l a t i o n .  
COMMENT - B. Rezy: 
engine t r a n s i e n t  response between s teady-state  leaned condi t ions.  One 
example of items which w i l l  be evaluated i s  t h e  use of an  acce le ra to r  
Pump * 
TCM w i l l  d i scuss  tomorrow poss ib le  ways of improving 
Q - G. Banerian: Maybe I d idn ' t  no t i ce  i t ,  but  I w a s  anxious t o  see a 
comparison of NAFEC d a t a  with the  da ta  taken a t  the  con t r ac to r s  
f a c i l i t i e s  and a l s o  t h e  0-3QO work done a t  Lewis .  A r e  t h e r e  some 
base l ine  emission da ta  w e  can compare? 
today. 
A - E. Becker: 
NAFEC. The da ta  l i ned  up, t h e r e  were no s i g n i f i c a n t  d i f fe rences .  
I d idn ' t  see t h a t  comparison 
The p l o t s  I had up were f o r  t h e  TSIO-360 tests a t  both 
COMMENT - L. H e l m s :  We haven't found any d i f fe rences .  
Q - G. Banerian: Have t h e  d i f f e rences  t h a t  have been reported been i n  
t h e  i d l e  mode? 
A - E. Becker: Most of i t  is  due t o  l a r g e  scatter i n  f u e l - a i r  r a t i o s .  
A s  NASA-Lewis pointed out  earlier, the  s ign i f i cance  of temperature 
and humidity e f f e c t s  on hydrocarbons are a l s o  q u i t e  pronounced i n  
t h e  i d l e / t a x i  modes. 
COMMENT - G. Banerian: We can then conclude that t h e  measuring methods, 
even though they are d i f f e r e n t ,  a t  the  var ious  sites are s u f f i c i e n t l y  
similar i n  resu l t s .  
Q - T. Cackette: Both Avco and TCM da ta  show t h a t  t h e r e  i s  a f a i r l y  
l a r g e  d i f f e rence  i n  CO, due t o  the  lean and r i c h  production l i m i t s ,  
which implies  t h a t  t h e r e  i s  a l a r g e  fue l -a i r  r a t i o  d i f f e rence  on t h e  
production items. Could TCM o r  Bendix comment on what t h e  causes of 
t he  l a r g e  production to le rances  are and possibly i f  they are an t i -  
c ipa t ing  taking any a c t i o n  t o  reduce those as a method of con t ro l l i ng  
emissions? 
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A - B. Rezy: You have to  understand t h a t  both engine compa 
t e s t s  d i f f e r e n t l y .  
l i m i t s .  
and t h e  l e a n  l i m i t .  
Lycaming ran  f u l l  production 
TCM ran  as base l ine ,  t he  average f u e l  f low between the  r i c h  
That's why you see those  d i f fe rences .  
COMMENT - S. Jedrziewski:  Speaking f o r  AVCO, our production l i m i t s  are 
of t h e  order  of 7 percent  of f u e l  flow r l g h t  now. 
on j u s t  manufacturing to le rances ,  r ep roduc ib i l i t y ,  a i r f l o w  sensing, e t c .  
We are engaged i n  programs t r y i n g  to  reduce these  lhits-. 
time w e  don't know how much they can be reduced. 
These l i m i t s  are based 
A t  t h e  present  
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FUEL FLOW SUMMARY 
Model  T 3 3 7 6  N7178C 
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